and as a result, we believe it provides an improved scientific analysis for ESA decisions. 
Introduction
In this paper, we focus on the conceptual framework for the SSA and present two case 113 studies to illustrate how the process can be implemented. We avoid being overly prescriptive 114 so that practices can adapt to specific cases and adopt innovative techniques and 115 methodologies; SSA guidance is kept up-to-date and available online ). The 116 structure of this paper first presents a process followed by example applications of that process 117 (case studies). The case studies on eastern massasauga rattlesnake (Sistrurus catenatus) and 118 Sonoran Desert tortoise (Gopherus morafkai) are among early applications, and insights gained 119 have been used to improve the SSA process. We point out the links between the SSA and the 120 five-factors of the ESA (Table 1 ) and conservation efforts. Finally, we discuss the roles of 121 science and policy in ESA decisions.
122
The SSA Process 123 An SSA is intended to be initiated when a species is first considered for endangered species 124 designation and to follow the species (USFWS 2016a ) so that the information and analyses are Table 1 ) and updated with new data and information (Figure 1 ). The level of detail 131 in an SSA will depend on the amount and quality of available data (Doremus and Tarlock 2005). 132 In some cases, the available information is sufficient for assessing risk on a continuous scale. In 133 other cases, because of data limitations only categorical levels of risk can be assessed.
134
The three stages of an SSA 135 The SSA process involves three successive stages: 1) the species' ecology, 2) the species' 136 current condition, and 3) the species' future condition. empirical description of the current 1) population structure, distribution, abundance, 149 demographic rates, diversity (ecological, genetic, life-history), and habitat, 2) changes from 150 historical to current condition (i.e., trends), and 3) explanations or hypotheses of the causes 151 and effects of stressors and conservation efforts that resulted in the current condition. with its environment. The metrics used for future condition align with metrics used in the prior 159 stages and include demographics (abundance and population growth or productivity), 160 distribution, and diversity (ecological, genetic, life-history), which are core autecological 161 parameters that measure the relationships between a species and its environment. The 162 numerical resolution and spatial and temporal scale of the metrics will depend on data 163 availability and the information needed for the decision context. 164 The future condition is unavoidably uncertain because (1) future events are inherently 165 probabilistic (aleatory uncertainty) and (2) the knowledge of the species' response to future 166 scenarios is imperfect due to sampling and measurement error, competing hypotheses about and can inform decisions related to the ESA concepts of distinct population segment (USFWS 208 and National Marine Fisheries Service 1996) and significant proportion of the range (USFWS 209 and National Marine Fisheries Service 2014; Earl et al. 2017).
210
The NOAA use abundance, productivity, spatial structure, and diversity as the criteria to 211 determine viable populations in ESA-relevant assessments (Waples et al. 2013 
245
Role of models and modeling. Projecting the species' future condition, which is integral to 246 all ESA decisions, and thus to an SSA, relies broadly upon models and modeling (Starfield 1997) . 247 The resolution of the available information (including covariates, response variables, and 248 uncertainties) and purpose of the modeling determine the type and complexity of the models. 249 The utility of a model to an SSA and an ESA decision depends on how the available information, 250 derived from data or expert judgment, are analyzed and how the outputs are interpreted. To assess EMR viability, we analyzed its historical, current, and projected future 331 abundance and distribution. We began with describing the breadth of adaptive capacity across 332 the EMR range. We investigated variation in habitat use, prey, venom, climate, and genetics as We anticipated this to be a complex SSA as the geographic scope encompassed Arizona, US, 434 and Sonora, Mexico, which we incorporated into geospatial and demographic modeling (USFWS where P drought is the proportion of the population exposed to drought and , is the survival 498 rate of adults for the full population, given the proportion that was exposed to drought. is 499 the drought effect in a specific year which was modeled as a random variable between 0.8 and considered predicted changes in abundance, distribution and diversity over that time frame.
558
The decision makers recommended that SDT was not warranted for listing under the ESA as a 559 threatened or endangered species, and it did not receive ESA protection (USFWS 2015b planning incorporate alternative recovery actions to identify those that will most likely achieve 599 the goal of species recovery.
600
The cost of completing an assessment is an important consideration regardless of 601 regulatory context because of workload relative to available agency capacity (Rohlf 2004; 602 Murphy and Weiland 2016). The SSA explicitly analyzes a species' response to stressors and 603 conservation, which was not always included in the past threat-focused process. We suggest 604 that the additional analytical demands will be at least offset by the efficiencies produced by 1) 605 relying on the analysis for multiple decisions as the SSA follows the species and 2) helping to 606 defend decisions due to the improved consistency and transparency of the supporting science.
607
In our experience, the initial SSA usually takes longer than the past threat-focused process, but An SSA empirically evaluates species risk ( Candidate Conservation Voluntary conservation efforts focused on species that are candidates for listing, or species that may be considered for listing, under section 4 of the ESA to improve the overall status of the species.
Consultations and Permits
The process by which the NOAA and U.S. Fish and Wildlife Service consult with Federal agencies proposing actions that may affect a listed species (consultations under section 7 of the ESA) or permit nonfederal entities to legally take a listed species under section 10 of the ESA.
Endangered Species
As defined in section 3 of the ESA, an endangered species is any species which is in danger of extinction throughout all or a significant portion of its range.
Five Factors
The factors listed in section 4 of the ESA that identify broad categories of natural or manmade actions that are used to determine the causes for any species listed as endangered or a threatened. The five factors are (A) destruction, modification, or curtailment of habitat or range; (B) overutilization; (C) disease or predation; (D) inadequate regulatory mechanisms; and (E) a catch-all category of other natural or man-made factors.
Five-year Review A review of the status of species listed under section 4 of the ESA that is conducted once every five years to ensure that the species has the appropriate ESA status and level of protection. 
Listing
The process by which species are added to the lists of endangered and threatened wildlife and plants under section 4 of the ESA.
Reclassification
The process by which the classification of listed species (threatened species or endangered species) are changed under section 4 of the ESA. Endangered species may be downlisted to threatened species or delisted and removed from the lists. Threatened species may be uplisted to an endangered species or delisted and removed from the lists.
Recovery Planning
The process of developing a recovery plan for a listed species including the recovery vision and strategy, recovery criteria, recovery actions, and estimates of the time and costs to achieve the plan's goals under section 4 of the ESA.
Redundancy
Redundancy describes the ability of a species to withstand catastrophic events by spreading risk among multiple populations to minimize the potential loss of the species.
Representation
Representation describes the ability of a species to adapt to changing environmental conditions over time as characterized by the breadth of genetic and environmental diversity within and among populations.
Resiliency
Resiliency describes the ability of a species to withstand stochastic disturbance and is positively related to population size and growth rate and may be influenced by connectivity among populations.
Species
As defined in section 3 of the ESA, the term species includes any subspecies of fish or wildlife or plants, and any distinct population segment of any species of vertebrate fish or wildlife which interbreeds when mature.
Threat Any action or condition that is known to, or is reasonably likely to, negatively affect individuals of a species, including direct impact on individuals and alterations of their habitat or required resources.
Threatened Species
As defined in section 3 of the ESA, a threatened species is any species which is likely to become an endangered species within the foreseeable future throughout all or a significant portion of its range. 
